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Mean transient time (MTT);
Cerebral blood ﬂow (CBF)Abstract The purpose of this study was to determine whether PCT and CTA increase the sensitiv-
ity of NCT in early diagnosis of acute ischemic stroke.
Patients and methods: Sixty-four patients of acute stroke were retrospectively evaluated with
respect to early CT ﬁndings. This included ﬁndings on noncontrast CT, perfusion defects and angio-
graphic ﬁndings of vascular occlusion. Inclusion criteria comprised a clinical and radiological diag-
nosis of ischemic stroke based on clinical data and the presence of infarction in follow-up MRI
scans done 12–24 h after the onset of the neurologic deﬁcit.
Results: CT perfusion showed evidence of cerebral hypo-perfusion in the form of prolonged MTT
and decreased CBF in all stroke cases giving 100% sensitivity. The CBV was decreased in only 24
cases and was normal in 24 cases and increased in 16 cases. Analysis of the CTA revealed artery
occlusion in 55 (86%) cases, while it was normal in 8 (12.5%) cases.
Conclusion: CT perfusion and CTA provide effective diagnostic tools in acute stroke with
increased sensitivity to detect acute cerebral ischemia compared with noncontrast CT alone.
 2015 The Authors. The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
Stroke is the third most frequent cause of deaths after
cardiovascular diseases and cancers (1,2). Ischemic stroke is
deﬁned as an event characterized by the sudden onset of acute
focal neurologic deﬁcit presumably attributable to cerebral
ischemia after exclusion of hemorrhage by CT. Prognosis of
ischemic stroke can be better if thrombolytic therapy is admin-
istered to patients within the ﬁrst three hours (3,4).
Neuroimaging plays a key role in the evaluation of patients
1112 A. Deif et al.suspected to have acute ischemic stroke. Because of the recent
advances in computed tomography (CT), it now provides
information beyond the mere presence or absence of intracra-
nial hemorrhage. Nowadays, Multislice CT stroke protocol,
including noncontrast head CT [NCT], CT angiography
[CTA], and perfusion imaging (perfusion CT [PCT]), can be
acquired within minutes. This provides information about tis-
sue viability, site of occlusion, and collateral status. In partic-
ular, PCT can rapidly generate quantitative and qualitative
parameters describing cerebral perfusion that enable discrimi-
nation between normal, ischemic but salvageable (ischemic
penumbra), and infarcted tissue (5).
There are substantial advantages of CT stroke protocol
over MRI in the availability of CT scanners in emergency
departments and in speed of imaging. However, CT perfusion
(CTP) remains a relatively unfamiliar technique to many
radiographers and there remain some patients with poor renal
function or contrast allergy who are unable to undergo CTP
(6).
The objective of this study is to determine whether PCT and
CTA increase the sensitivity of NCT in early diagnosis of acute
ischemic stroke.
2. Patients and methods
2.1. Patients
The baseline CT scans of 64 acute stroke patients were retro-
spectively evaluated with respect to early CT ﬁndings. This
included ﬁndings on noncontrast CT, perfusion defects seen
on perfusion maps and angiographic ﬁndings of vascular
occlusion as an etiology to the ischemic event. Inclusion crite-
ria comprised a clinical and radiological diagnosis of ischemic
stroke based on clinical data and the presence of infarction in
follow-up MRI scans done 12–24 h after the onset of the
neurologic deﬁcit. Patients with normal follow-up MRI scans
and patients with the evidence of intracranial hemorrhage on
the CT scan or tumor-suspicious masses were excluded. Also
we excluded patients with lacunar infarcts as CTP is known
to have limited role in such cases.
2.2. Imaging
The CT stroke protocol was performed with a 64-channel CT
scanner (Brilliance; Philips Healthcare). Standard NCCT was
acquired (4.5 mm slices) followed by CTP and CTA. A perfu-
sion CT series (80 kV; 150 mA, 75 ml nonionic contrast agent
with a ﬂow rate of 3–4 ml/s; delay 5 s, data acquisition 65 s).
The coverage (4 slices at 1 cm) was doubled to 8 cm. The selec-
tion of the coverage area was guided by the clinical data. The
CTA studies of the cervical and intracranial arteries were
obtained with an image acquisition protocol as follows: helical
mode, 0.5–0.8 s gantry rotation; slice thickness, 1 mm; recon-
struction interval, 0.5 mm; scan time, 19.1 s; scan length,
324 mm; and acquisition parameters, 120 kVp/200–300 mAs.
A caudocranial scanning direction was selected covering the
midchest to the vertex of the brain. Data were transferred to
be analyzed using the CT Perfusion package in the Extended
Brilliance Workspace Workstation. Computed tomography
perfusion postprocessing was performed by using the included
CTP software to determine time to peak (TTP), mean transienttime (MTT), cerebral blood ﬂow (CBF) and cerebral blood
volume (CBV). The CTA postprocessing was likewise
performed using a 3-dimensional mode maximum intensity
projection reconstruction and InSpace volume-rendering
software. Follow-up imaging was performed using MRI
including diffusion-weighted imaging +/ T2WI using a
1.5-T scanner (GE Signa HD 1.5 Tesla MRI scanner).
2.3. Image interpretation
We evaluated each patient’s CT scan. Clinical information was
available and included symptoms of palsy, suspected side of
the ischemic lesion, and time since onset of symptoms. When
reviewing the initial CT scan, we decided whether the scan
showed deﬁnite, suspected, or no signs of acute ischemic
stroke. Deﬁnite stroke was judged by the presence of cerebral
hypodense area, obscuration of lentiform nucleus or loss of
insular ribbon sign. Suspected stroke was judged based on
the presence of subtle sulcal effacement, subtle loss of gray
white matter differentiation or the presence of hyperdense
middle cerebral artery (MCA) sign. Next, we judged the
CTP study of the same patient. Initially, the source images
were viewed to check for obvious delay in contrast media
inﬂow. After software supported analysis of perfusion data
(Philips healthcare Perfusion CT software), we checked for
signiﬁcant discrepancies in time to peak (TTP), mean transient
time (MTT), cerebral blood ﬂow (CBF), cerebral blood
volume (CBV), and CT/CTP mismatch. Finally, CTA images
were read for relevant vessel stenosis or occlusions. In each
patient, a follow-up study by MRI with diffusion imaging
was used as the ‘‘gold standard’’ to conﬁrm the presence of
acute stroke and to deﬁne the size of the infarct (1/3–3/3 in
case of MCA-supplied territory).
3. Results
Sixty-four patients with a clinical and radiological diagnosis of
stroke who underwent baseline CT stroke protocol were
included in the study. They were 16 (25%) males and 48
(75%) females. Their age ranged from 28 to 78 years with
mean age of 63.5 ± 18. The time intervals between the onset
of symptoms and the initial CT scan ranged from 2 to 6 h,
and the median time was 3 h. The most frequent presenting
symptom was limb weakness that was encountered in 75%
of cases. Other symptoms included slurred speech in 12.5%
of cases and facial drop in 12.5% of cases.
Examination time for the whole study was 5–6 min for the
CT scans and another 5–8 min for standardized analysis of the
CTP and CTA studies.
As regards the noncontrast CT, 24 (37.5%) cases were neg-
ative for acute ischemic stroke. Among the positive 40 (62.5%)
cases, 23 cases showed deﬁnite signs of ischemic stroke and 17
cases showed suspected signs of early ischemic stroke.
CT perfusion showed evidence of cerebral hypo-perfusion
in the form of prolonged MTT and decreased CBF in all stroke
cases giving 100% sensitivity. The CBV was decreased in only
24 cases and was normal in 24 cases and increased in 16 cases.
Analysis of the CTA revealed artery occlusion in 55 (86%)
cases, while it was normal in 8 (12.5%) cases. One case showed
dissection of the internal carotid artery with intramural
hematoma.
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ﬁndings on CTP and CTA are shown in Figs. 1–5.
4. Discussion
In the underlying study, the sensitivity of detecting acute
stroke by native CT was 40% which corresponds well with
the ﬁndings reported in the literature. (7–9) After additionalFig. 1 A 87-year-old woman with stroke symptoms. CT stroke protoc
diffuse brain atrophy with no signs of acute stroke (A), CTP showed de
at the left MCA supplied territory (C), with preserved to mild elevated
MCA (arrow) (E) and DWI showed corresponding restricted diffusionanalysis of CTP, the sensitivity signiﬁcantly increased to
100%. This was in agreement with previous studies which
demonstrated increased diagnostic sensitivity using CTP com-
pared with non-contrast CT (NCCT) (10–12).
Kloska et al. (7) found a sensitivity for CTP of 76%,
whereas Koenig et al. (9,13) reported 89% and 100% in small
patient cohorts. Mayer et al. (14) found a sensitivity of 93% in
61 patients with a follow-up study.ol was done about 4 h after the onset of symptoms. NCCT showed
crease CBF at the left MCA supplied territory (B), increased MTT
CBV (D), CTA showed cutoff of the distal M1 segment of the left
(F).
Fig. 2 A 65-year-old woman with left sided weakness, slurred speech and left facial drope. CT stroke protocol was done about 3 h after
the onset of symptoms. NCCT showed subtle, focal, ill-deﬁned low density, with sulcal effacement, is seen at the right frontal lobe (A),
CTP showed decrease CBF at the right frontal lobe (B), increased MTT (C), with mild elevated CBV (D) and CTA showed occlusion of
the distal M1 segment of the right MCA with the distal branches ﬁlling of collaterals (E).
1114 A. Deif et al.Because speciﬁcity has been reported to be relatively high in
all studies, the differences in sensitivity may be best explained
by different types of infarcts and different infarct localizations.
Lack of the estimation of speciﬁcity is one of the drawbacks in
our study as we did not include negative cases.The magnitude of the superior sensitivity afforded by CTP
presented in this analysis is probably conservative given the
often equivocal nature of early ischemic change on NCCT.
Furthermore, it is difﬁcult to quantify the difference between
recognition of, for example, loss of insular ribbon on NCCT
Fig. 3 A 59-year-old woman with right hemiparesis and aphasia. CT stroke protocol was done about 3 h after the onset of symptoms.
NCCT showed no signs of acute stroke (A), CTP showed decreased CBF at the left frontal lobe (B), increase MTT (C), with mild elevated
CBV (D) and DWI showed corresponding restricted diffusion (E).
Added value of CT perfusion and CT angiography in detection of early ischemic stroke 1115and demonstration of the quality of perfusion throughout the
entire middle cerebral artery territory. We were able to obtain
this extra information (including processing and interpreta-
tion) in a median of 12 min.
From a theoretic point of view, a completed infarct and tis-
sue at risk can be deﬁned by reduced CBF, (15) and quantita-
tive assessment of CBF by CTP should provide exact maps of
the infarct. On this account, in our study, we evaluated the use-
fulness of CTP without quantitative analysis. Computed
tomography angiography was almost 100% reliable in the
detection of MCA occlusion, whereas the sensitivity of ahyperdense MCA sign is known to be low from the literature
(16).
In this study we used visual assessment of unthresholded
MTT and CBV/CBF maps. This appeared adequate for diag-
nostic purposes. Penumbra tissue maintains regional CBF by
vasodilatation, to provide more oxygen to the area and results
in normal or increased CBV level. Our results correlate with
that CBV (cerebral blood volume) maps show the competency
of autoregulation mechanisms and show different results in
penumbra lesions. Core lesion is characterized by depletion
of autoregulation mechanisms and CBV decrease. Penumbra
Fig. 4 A 85-year-old woman with aphasia. CT stroke protocol was done about 2 h after the onset of symptoms. NCCT showed no signs
of acute stroke (A), CTP showed decrease CBF at the right temporoparietal (B), increase MTT (C), with relative preserved CBV (D) and
DWI showed corresponding restricted diffusion (E).
1116 A. Deif et al.lesion is characterized by increased or normal CBV or
decreased not more than 40% of normal value, while CBF is
decreased and MTT increased.
In the study of Maija et al. (17), most accurate parameter
that conﬁrmed the presence of hypoperfusion was increased
MTT above 190%. They proposed relative threshold values
for brain tissue necrosis: CBF less than 30–40% and CBV less
than 40% in comparison with contralateral hemisphere.Beyond detecting cerebral infarction, CT and CTP pro-
vided an estimation of the ﬁnal damage. Early assessment of
infarct size is relevant for subsequent therapeutic strategies
(18).
The combined examination times for the whole study,
including scans and analysis of CTP and CTA, were 10–
14 min. This is faster than MRI, with scan times of 25–
30 min, when special sequences to rule out intracerebral
Fig. 5 A 66-year-old woman with right sided hypothesis. CT stroke protocol was done about 2 h after the onset of symptoms. NCCT
showed hypodense area in the left insula (A), CTP showed wedge shaped area in the left MCA distribution of decrease CBF (B), increase
MTT (C), with relative preserved CBV (D), CTA showed abrupt cutoff on the left M2 branch (E) and MRI follow-up showed reduced
ADC with development of a similar small recent infarction on the right basal ganglion (F).
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of magnetic resonance perfusion and magnetic resonance
angiography. Depending on the structure of the department,
these time differences are augmented by another 20 min attri-
butable to waiting time because of a preceding patient still in
the magnet or at night because of the time needed to power
up systems. In many cases, direct administration ofintravenous thrombolytic therapy after bleeding has been ruled
out might be indicated, which can be achieved by CT within
2 min. Saving more than 30 min is of extreme value in early
stroke therapy (19).
Although limited parenchymal coverage remains a chal-
lenge, several techniques, including table toggle (20) and repeat
CT perfusion at a higher level, have been reported (21). A
1118 A. Deif et al.greater number of detectors now allow for whole-head cover-
age; however, concerns about the radiation dose persist (22).
However, the additional dose and the small radiation induced
risks are justiﬁed.
Another limitation of CT perfusion is that chronic proxi-
mal ICA occlusion is associated with prominent transit time
disturbances that are not necessarily indicative of acute ische-
mia or associated with stroke. Thus, these patients may be the
cause of false-positive CT perfusion results, and this is encoun-
tered in the unusual situation where the abnormal ﬁndings are
contralateral to or considered incidental to stroke manifesta-
tion. Furthermore, when new hemodynamic or ischemic fea-
tures arise, these are usually not discernable within the larger
region of perfusion abnormality. Thus, cases with chronic
occlusion should be interpreted with caution and should
prompt DW imaging to exclude underlying infarct not discern-
able at CT perfusion. There is increased sensitivity to detect
acute ischemic infarction from 40% to 100% after additional
analysis of CTP.
5. Conclusion
Computed tomography perfusion and CTA provide effective
diagnostic tools in acute stroke. Even if quantitative analysis
is not used, the sensitivity to detect acute cerebral infarction
is signiﬁcantly increased compared with native CT alone.
An advanced CT protocol including CT perfusion and
CTA is well adapted to the role of rapid triage of patients sus-
pected to have a stroke.
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